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THE FUNGISTATIC AND FUNGICIDAL ACTIVITY OF
VEGETABLE ESSENTIAL OILS AND THEIR
COMPONENTS*
X. VILANOVA, M.D. AND M. CASANOVAS, M.D.
Marsh and Mans (1) were the first to call attention, in 1930, to the impor-
tance of essential or volatile oils in the vegetable economy because, apart from
their attraction to insects, which favors fertilization, and their repellent action
on other organisms harmful to plants, they have an antiseptic action which
protects the plant against noxious bacteria and fungi.
The existence of the latter activity—proved repeatedly since then, particu-
larly in respect to contamination by fungi in certain industrial products (2)—
led us to investigate the efficacy of these essential oils in superficial mycoses of
the skin.
In a previous communication (3) we called attention to the in vitro action of
some essential oils against dermatophytes. Having now supplemented this study
by a separate investigation of their different components, we propose to give
our results in the present publication.
The tests we made with the various constituents of the volatile oils were not
only successful in vitro, their clinical application was also followed by satisfac-
tory results (4).
Seven children, all under 11 years of age, were affected with tinea of the scalp
by Trichophyton violaceum. Application of a eugenol and geraniol ointment,
followed by a eugenol and citral one, resulted in 3 of the children being cured
within a maximum period of two months. Another child, age 5, with T. crateri-
forms tinea, was cured in 3 weeks. A little girl of 3, with tinea M. audouimi, was
also cured of her lesions within 3 weeks.
Six cases of inguinal or interdigital epidermophytosis were cured. Another
three improved but relapsed; they, however, had already proved resistant to
other treatment.
Further, 3 cases of herpes circinatus, and 2 of pityriasis versicolor were com-
pletely cured.
We have also stressed a point which might affect the therapy, i.e. our observa-
tion of the greater difficulty of adaptation, on the part of parasitic fungi, to
culture media containing progressively increasing quantities of some of the com-
ponents of the essential oils we studied, than to culture media containing fatty
fungistatic acids (undecylenic acid) (5).
Our investigation of the fungistatic properties of the essential oils in question
comprised the following tests: (a) with respect to the degree of their dilution
(modification of Kolmer's method); (b) with regard to the inhibition zone, and
(c) with respect to their fungistatic action (Foley and Lee's method) (6).
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TABLE I
Essential oils—Fun gistatic Dilution Test
(Maximum dilutions with which the inhibition of the growth of fungi was obtained)
ESSENTIAL OILS
rEICH. GYPSEUM
Broth Agar
pHI p117 pHI pill
Linalool
Neroly (II)
Portugal
Rosemary
Geranium palmarrosa
Citronella
Neroly (I)
Petit grain
Lavender
Limon regio
Bergamot oil
American cedar
1:8000
1:8000
1:2000
0
1:2000
1:750
0
0
1:500
0
0
0
1:500
1:500
0
0
0
1:2000
1:500
0
0
0
0
0
1:500
1:16000
1:16000
1:8000
1:16000
1:750
1:500
1:500
0
0
0
0
0
1:16000
1:16000
1:8000
1:16000
1:750
1:500
1:500
0
0
0
0
TABLE II
Essential oils—Fungistatic Dilution Test
(Maximum dilution with which the inhibition of the growth of fungi was obtained)
ESSENTIAL 011.8
CANDIDA 103 vc
Broth Agar
pHI pH7 pHI pill
0
0
0
0
0
0
0
0
0
0
0
0
Linaloöl
Neroly (II)
Portugal
Rosemary
Geranium palmarrosa
Citronella
Neroly (I)
Petit grain
Lavender
Limon regio
Bergamot oil
American cedar
0
0
0
0
1:200
0
0
0
0
0
0
0
0
0
0
0
1:500
0
0
0
0
0
0
0
0
0
0
0
1:500
0
0
0
0
0
0
0
A. DILUTION TEST
In this new test we used agar and Sabouraud's culture broth, composed of
Peptone 10 gr.
Glucose 4 gr.
Water 1 litre
(Agar 20 gr.).
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Both agar and broth were divided over two series of test tubes, one being ad-
justed at 7 pH, and the other at 5 pH.
The fungi used for this test were Trichophyton gypseum (strain 16 VC), and a
strain of Candida (103 VC). One-tenth of a ml. of the suspension of the fungus
in physiological serum was introduced into the test tubes containing 10 ml. of
TABLE III
Components of the essential oils investigated—Fungistatic Dilution test
(Maximum dilutions with which inhibition of the growth of fungi was obtained)
COMPONZNTS
TRIcH. G!PSETM
roth Agar
pH5 pH7 p115 pH7
Geraniol 1:8000 0 1:2000 0
Geronic acid 1:4000 1:2000 1:2000 1:1000
Eugenol 1:8000 1:2000 1:2000 1:1000
Citronellol 1:500 1:1000 1:500 1:500
Isoeugenol 1:8000 1:2000 1:8000 1:1000
Terpeneol 1:1000 1:1000 1:1000 1:500
Eucalyptol () 0 1:1000 0
Citral 1:16000 1:16000 1:16000 1:4000
Citronellal 0 1:1000 0 1:500
Anethol 1:1000 1:1000 1:8000 1:2000
Rhodinol (II) 1:4000 1:4000 1:1000 1:500
Methyiheptenone 1:4000 1:1000 1:500 1:500
Linaloöl (sup.) 1:4000 1:4000 1:500 1:500
Rhodinol (sup.) 1:4000 1:4000 1:500 1:1000
Vanillin 1:4000 1:2000 1:4000 1:2000
Beta-ionone 1:2000 1:2000 1:2000 1:2000
Cinnamyl alcohol 1:2000 1:1000 1:2000 1:2000
Benzyl cirinamate 1:1000 1:500 0 0
Limonene 0 0 0 0
Vanillinic acid 1:2000 1:1000 1:500 1:500
Nonylic alcohol 1:2000 1:2000 1:2000 1:1000
Octylic alcohol 1:1000 1:1000 0 1:1000
Decylic alcohol 1:2000 1:2000 1:500 1:1000
Undecylenic alcohol 1:2000 1:2000 1:1000 1:1000
Camphene 1:500 0 0 0
Allerol 1:8000 1:8000 1:2000 1:2000
the culture medium, with the addition of the corresponding essential oil, or its
components. The tubes were kept in an incubator at 30°C for a fortnight, after
which the results were read.
The accompanying tables show the maximum dilutions with which fungistatic
action could be obtained (see Tables I—TV).
The remarkable effect of some of the vegetable essential oils is evident, as,
for instance, that obtained with the Neroly and Portugal ones, while that ob-
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tamed with some of their components, as citral, eugenol, geraniol, isoeugenol
and variillin is also quite clear.
TABLE IV
Components of essential oils—Fun gistatic Dilution Test
(Maximum dilutions at which inhibition of the growth of fungi was obtained)
CANDIDA 103 vc
COMPONSNTS Broth Agar
p115 p116 p11.5 p117
Gerapiol 1:500 0 1:500 0
Geronic acid 1:500 1:1000 0 0
Eugenol 1:500 1:500 1:500 1:500
Citronellol 0 1:500 0 0
Isoeugenol 1:500 1:500 0 0
Terpeneol 0 0 1:500 0
Eucalyptol 0 0 0 0
Citral 1:500 0 1:1000 1:500
Citronellal 0 0 1:500 0
Anethol 1:1000 1:1000 0 1:500
Rhodinol (II) 0 0 1:500 1:500
Methylheptenone 0 0 0 0
Linaloöl (sup.) 0 0 0 0
Rhodinol (sup.) 0 0 1:500 0
Vanillin 1:1000 1:500 0 1:500
Beta-ionone 0 0 0 0
Cinnamyl alcohol 1:1000 1:1000 1:1000 1:1000
Benzyl cinnamate 0 0 0 0
Limonene 0 0 0 0
Vanillinic acid 0 0 0 0
Nonylic alcohol 1:500 1:500 1:2000 1:500
Octylic alcohol 0 0 0 0
Decylic alcohol 1:1000 1:500 1:500 1:500
Undecylenic alcohol 1:1000 1:1000 1:1000 1:1000
Camphene 0 0 0 0
Allerol 1:2000 1:2000 1:2000 1:2000
Looking at the relation between chemical constitution and fungistatic power,
we find that the latter is generally related to two types of chemical configura-
tion, i.e. one of the phenolic type, as eugenol and isoeugenol:
cJO.Cls
Cfl2—CH=CH OI{=CH—CH
eugenol isoeugenol,
as well as vanillin, which is related to isoeugenol, resulting as it does from the
latter's oxidation through the breaking of its double attachment:
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OH
0•CH
CHO
vanillin.
The other type comprises the hexavalent alipathic terpenes (doubly unsat-
urated, of myrcene structure), among which citral figures prominently:
113C CIT3/
C=CH—CH2—CH2-—C/
H3C CHCHO
as well as, to a lesser degree, geraniol and nerol (important components of the
Neroly essential oil); of the same constitution, but the former having the "cis",
and the latter, the "trans" form:
113C Cll/
0=011—0112—0112—C/
H3C CH—CH2OH
geraniol
HC 0113/
C==CH—CH2—0H2—C/
H30 HO—IT2 0—011
nerol
Linaloöl too showed considerable activity:
1130 011 11
N /
0=CH—C112—C112—C—C/
H30 OH3 0112
The singly unsaturated derivatives, on the other hand, are distinctly inferior
in activity, as is proved by the action of citronellol, methylheptenone, and
rhodinol, which have the following formulas:
1130 CIT3
N /
C=CH—CH2—C112—CH/ N
113C 0112—0112011
a-citronellol
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1130 CIT3/
C—C112—C112—CH2—CH
1120 0112—0112011
f3-citronellol
H3C 0H/
CCH—CH2—CH2—C
H C
methyiheptenone
1130 C}12—CH2OH/
0=011—0112—0112—OH/HC CH
rhodinol
The outstanding activity of some essential oils, such as those of Neroly and
Portugal, of linaloöl (olefinic terpene alcohol from lign aloe), Geranium palmar-
rosa, and citronellol, evident also, although less manifest, is explained by their
constitution:
Portugal essential oil (oleum aurantii florum dulce), 20 per cent linalool; and,
especially, geraniol, d-limonene, citral, cintronellol, and d-camphene.
Neroly (oleum aurantii forum dulce), 30 per cent lianool; 4 per cent nerol and
geraniol, and esters of linaloöl, nero!, and geraniol, together with other, more or
less active, components such as terpinol, pinene, camphene and pentene.
Linalyl acetate (from bergamot oil) contains 90 per cent 1-linaloöl; 2 per cent
geraniol, methyiheptenone, etc.
The Geranium palmarrosa essential oil (oleum geranicum indicum) contains
75—90 per cent geraniol (13 per cent in the form of acetic acid and caproic acid
esters), as well as methytheptenone, citronellol, dipentene, and farnesol.
Citronella essential oil (oleum citronella): 43 per cent geraniol (partly in the
form of acetate); citronellol, citronella!, citral, nero!, limonene, camphene, ter-
pinene, borneol, and methyleugenol.
In all these fungistatics we found their action on levuriform fungi to be clearly
inferior to that on other dermatophytes.
Having observed the results of the dilution tests, we then proceeded to a new
test, with products giving the higher fungistatic values.
B. AGAR DIFFUSION TEST
The technic of this test is as follows. Tubes, each containing 10 ml. of Sabouraud's agar
solution, are placed in a bain-Marie. After melting, the agar is cooled to 45°C, and diffused
with a suspension of spores from the fungus to be tested. (T. gypseum 16 VC). The contents
of each tube are poured into a Petri's dish of 10 cm. diameter, and left to solidify. Paper
disks of 1 cm. diameter are moistened with the prepared liquid, or with solutions of the
same, and after being allowed to drip they are placed over the surface of the agar medium.
The inhibition zones are measured after having remained in the incubator for 4 days at a
temperature of 30°C.
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TABLE V
Diffusion test in agar
A special study was made, by this method, of those products which showed
the highest fungistatic action; i.e. the essential oils of Portugal, Neroly, eugenol,
isoeugenol, citronellol, geraniol, citral, and valium.
PRODUCTS
DIT.UTIONS OF TEE PRODUCTS
2.5% 5% 10% 20%
Citral
Vanillin
Eugenol
Geraniol
Citronellol
Portugal
Neroly
Isoeugenol
5
0.5
2.5
1.5
0
0
0
1.
absence of growth over the entire surface
2.5 2.5 I 3
absence of growth over the entire surface
3 absence of growth
1.5 absence of growth
0 0 0
0 3.5 absence of growth
2.5 3.5 4
TABLE VI
Fun gicidal test
PRODUCTS CONTACT IN MINUTES
RESULTS FOE TEE DIFFERENT DILUTIONS
2.5% 5%
Portugal
Neroly
Eugenol
Isoeugenol
Geraniol
Citral
Vanillin
Citronellol
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
3
3
3
3
3
3
2
1
1
3
3
3
3
3
3
3
3
2
3
3
3
3
3
3
3
3
3
3
3
3
0
0
0
2
2
2
3
3
3
1
1
1
3
3
3
3
3
3
10%
3
3
3
3
3
3
0
0
0
1
0
0
2
2
2
0
0
0
3
2
1
0
0
0
20%
3
3
3
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
1
1
1
0
0
0
The total absence of growth is shown by 0; poor growth by 1; more
intense growth, by 2 or 3, respectively.
abundant or very
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The following results were obtained (see Table V), expressed in cm. between
the edge of the paper disk and the growing limit of the fungus.
C. INVESTIGATION OF THE FUNGICIDAL ACTION
The fungicidal action was studied according to Foley and Lee's method (agar mixture),
the technic of which is as follows: 0.5 ml. of the product is mixed with 9 ml. Sabouraud's
agar, pH 5, melted, and left to cool to 45°C. The contents of the tube are then poured into
a Petri's dish containing 0.5 ml. of a suspension of T. gypseum spores, care being taken
that the mixture is as perfect as possible. The agar must then be rapidly solidified by
placing it on a cold surface for a couple of minutes. By means of a glass tube one then
extracts, from the solidified agar, cylinders of 0.5 diameter, which are immediately intro-
duced into tubes containing Sabouraud's broth, pH 7. The agar cylinders should be in-
troduced into the broth at progressively longer intervals, i.e. 10, 20 and 30 minutes after
the mixture with the suspension of spores has been made. The results are read after a
fortnight in the incubator at 30°C. They are shown in Table VI.
SIThIMARY
It is affirmed that the essential oils of certain plants possess a marked fungi-
static, and in some cases, even fungicidal, action. The strongest actions are those
of the Neroly, Portugal, Geranium palmarrosa, linaloöl, and citronella essential
oils.
Some of the components of the essential oils mentioned are both very active
fungistatics and fungicides, particularly the derivates of the phenolic type, and
the derivates of the hexavalent acyclic terpenes, and, more especially, those
which are doubly unsaturated.
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